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Description

This invention relates generally to liquid metering
and transfer valves for use in a diluting system of the
type wherein vessels, valves and connecting con-
duits are employed to measure, intermix, dilute and
deliver fluids, particularly liquids, for the purpose of
automatically making measurements and tests upon
liquid samples for the medical, biological, chemical,
industrial and allied fields.

Apparatus of the general type with which the
valve assembly of the herein invention is intended to
operate employ the well known Coulter particle ana-
lyzing principle disclosed in U.S. Patent 2,656,508
and are capable of many uses in the medical, biolog-
ical, chemical and allied fields, in research as well as
routine testing and requires means which can pro-
duce liquid mixtures of specific concentrations accu-
rately and automatically. The analyzing apparatus is
required to perform testing and measurements on a
continuous basis with many tests made simultane-
ously and complex routines repeated with precision
but with different samples. In such apparatus, the
requisite liquid samples must be drawn and precisely
measured, combined with preselected volumes of
diluent to define the requisite dilutions and transfer-
red to vessels within the apparatus for testing purpos-
es. Often different degrees of dilution are required for
determination of different parameters of the original
sample. Sample quantities often are limited and
hence the multiple operations and determinations
preferably are performed utilizing a single liquid sam-
ple of relatively small volume and, accordingly, con-
servation of sample is a desired goal.

Accordingly, analytical apparatus of the type con-
cerned are provided with diluting means incorporated
as a part thereof for preparation and delivery to test-
ing locations therewithin of sample suspensions of
predetermined concentrations automatically and ac-
curately, a major subsystem of said diluting means
being a liquid metering and transfer valve assembly
which includes internal segmenting passage means
capable of being coupled to a source of liquid sample.
Aliquid sample is drawn along one path into said seg-
menting passage means and the valve assembly is
operated to isolate a precise volume of said liquid
sample from one internal path and place said precise
volume into a second path. A desired volume of dilu-
ent is directed into the second path driving the meas-
ured precise volume of sample along with the diluent
to deliver same to a testing vessel or station exterior
of the valve assembly. Conventionally the source of
said diluent is coupled to the valve assembly by suit-
able conduit means linked therebetween and driven
by pump means and metering means provided within
the apparatus.

Movement of the liquids is imparted by positive
and/or negative pressure means effected by sources
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thereof coupled to the valve assembly and to said
pump means and metering means. The apparatus in-
cludes myriad check valves and pinch valves required
to control the flow of the various fluids within the ap-
paratus. It would be desirable to provide a multifunc-
tional metering and transfer valve assembly which
would perform all measurement of the various liquids
therewithin. The analyzing instrument desirably
should be compact, highly reliable, modularly con-
structed at low cost particularly to provide for meeting
the needs of physicians’, veterinarians’, clinical and
alternative care testing requirements.

Preferably, the analyzing instrument should elim-
inate or at least minimize the interaction of the oper-
ator with the instrument, eliminating the necessity for
manual dilutions, being capable of self-cleaning and
self-maintaining, i.e. independent of the operator’s in-
tervention.

Thus, as mentioned, it becomes highly desirable
to provide a sampling, metering and transfer valve as-
sembly wherein all dilutions are provided by the valve
assembly itself..all dilutions determined within the
valve assembly, all volumetric metering of both sam-
ple and diluent effected within the valve assembly
with means provided for backwashing and rinsing, in-
cluding that of the coupling between the valve assem-
bly and the sample source, that is, the aspirator probe
through which the liquid sampled is drawn into the
valve assembly. Thus a multiposition, multi- function-
al, stepwise programmably operable sampling, meter-
ing and transfer valve assembly which is capable of
precise positioning on command, is desired.

Prior patents, such as 3,567,390, 3,991,055,
4,152,391, 4,445,391, 4,507,977 and 4,702,889 pro-
vide examples of metering and transfer valve assem-
blies wherein internal measuring chambers, generally
in the form of passageways, are provided.

The earliest of the above identified prior patents,
3,567,390, provided a metering and transfer valve as-
sembly having a pair of outer disc members and a
central disc member sandwiched therebetween, its
opposite surfaces frictionally engaged with the facing
surface of the respective outer disc member. The
discs are aligned axially and mounted on a spindle so
that the outer discs are stationary while the center
disc is rotatable between two positions. A pair of ax-
ially parallel segmenting passageway sets are provid-
ed in the central disc and matching passageways are
provided so that in one position of the central disc, lig-
uid sample is received within one segmenting passa-
geway of one set. The central disc is rotated to a sec-
ond position where a precise volume of the liquid
sample is received within one segmenting passage-
way of one set. The central disc is rotated to a second
position so as to subtend a precise volume of the lig-
uid sample within said one segmenting passageway
and a known, externally metered volume of diluent is
introduced into the valve assembly to sweep the sub-
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tended volume of liquid sample. along with said me-
tered volume of diluent, to an exterior location for test-
ing.

Simultaneous with the introduction of said liquid
sample in the first position of the center valve disc, lig-
uid is taken from said exterior location comprising a
prior formed "first dilution" and transferred to one
segmenting passageway of the second set. When the
central disc is rotated to segment the precise volume
of the liquid sample, the so-called "first dilution" also
is segmented to provide a precise volume of the "first
dilution" to form a "second dilution". Simultaneous
with the delivery of the first mentioned dilution (liquid
sample plus diluent) to said location exterior of the
valve assembly, the segmented volume of the "first
dilution" is swept from the one segmenting passage-
way of the second set along with a metered given vol-
ume of diluent to another exterior location where it
constitutes a "second dilution". Note that the volumes
of diluent are metered exterior of the valve assembly
and delivered to the valve assembly. Additionally, the
liquid sample is sequentially tested at said locations
exterior of the valve assembly, the prior made "sec-
ond dilution" being tested simultaneously with the
testing of a current made "first dilution." However, the
basic principle underlying the instant invention is set
forth in said U.S. Patent 3,567,390 with the two sets
of segmenting passageways being formed in the cen-
ter or rotatable disc of the valve assembly.

U.S. Patent 4,152,391 provides for the forming of
three dilutions employing a single metering and trans-
fer valve assembly comprising a pair of stationary
disc members and a center, rotatable disc member
sandwiched therebetween. The center disc carries
one set of axially parallel segmenting passageways.
The structure also includes a pair of external meas-
uring loops secured to the central disc and passing
through slots formed in one of the outer, stationary
discs. The loops carry a precise volume of liquid sam-
ple and one of which is filled alternatively with the
other simultaneously with introduction of the liquid
sample into the segmenting passageway of said one
set. As with the structure disclosed in U.S. Patent
3,567,390, diluent is metered exterior of the valve as-
sembly and introduced to the valve assembly. The
loops are arranged in parallel, so that only one is filled
with the liquid sample at the time liquid sample is in-
troduced into the one of the said set of segmenting
passageways. However, that one loop is arranged in
series with said one of said set of segmenting passa-
geways to enable a single aspiration (or drawing step)
to fill same simultaneously although two separate
loading steps are required to fill both loops, alterna-
tively. The said valve structure also included gallery
formations defining paths for communicating with se-
lected passageways. Further, slot means were re-
quired to be formed in one of the outer disc members
inorder to permit passage of the loops enabling rota-
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tion of the central disc so as to effect the segmenta-
tion.

U.S. Patent 4,445,391 provided a liquid metering
and transfer valve assembly wherein a measuring
loop was secured to one of the stationary outer discs
in addition to the set of axially parallel segmenting
passageways formed in the center disc. A series path
thus was defined through the valve assembly so that
a single loading step sufficed to fill both loop and one
axial passageway of the segmenting passageway set
and, with rotation of the central disc, and introduction
of diluent, both the segmented precise volume of
sample in the segmenting passageway and in the
loop was delivered simultaneously to a pair of differ-
ent testing locations along with given volumes of dilu-
ent, the latter being metered and stored exterior of the
valve assembly. This structure was less expensive to
manufacture since galleries and slots were not re-
quired. However, only a pair of dilutions could be
made. The loop had only one function, that is, to
measure a precise volume of liquid sample..the same
liquid sample introduced into the segmenting passa-
geway set.

U.S. Patent 4,507,977 was generally similar in
construction to that disclosed in U.S. Patent
4,445,391 but for the provision of means to enable
mounting of an additional probe (or aspirator) means
for introducing an additonal liquid into the valve as-
sembly. While the two liquid samples were capable of
being operated upon by a single valve assembly, the
samples had to be taken successively and the loop re-
mained only functional to measure a second volume
of the same liquid sample simultaneously introduced
to the segmenting passageway set.

Commonly with the prior valve assembly con-
structions described, metering of the diluent at loca-
tions exterior of the valve, involved the provision of
plural metering units, pumps, pinch and check valves,
resulting in complex arrangements and requiring
much interior space, reducing the compactness of the
analyzing system. It would be highly desirable to pro-
vide means whereby all liquids, including diluent,
could be metered within the valve assembly yet with-
out increasing the complexity of the valve assembly.

An improvement of significance was made to the
general liquid metering and transfer valve art when
U.S. Patent 4,702,889 provided means for obviating
a problem of leakage experienced at the junctions of
the various interior passageways formed in the valve
discs comprising the valve assemblies. Leakage was
encountered from said junctions, material travelling
as by capillarity, along the frictionally engaged facing
surfaces of said valve discs to foul the circumferential
surfaces of said valve assemblage. In particular, the
structure of said valve assembly was improved by
providing means defining a channel in one of the fric-
tionally engaged facing surfaces of at least one sta-
tionary disc and the facing surface of the center disc
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member frictionally engaged therewith. The channel
was provided to extend along the periphery of said
one surface and had an inlet and an outlet defining a
path independent of any of the internal passageways
within the valve assembly and non-interferent there-
with. The channel disclosed in the 4,702,889 patent
comprised an outer groove formed in one of the fric-
tionally engaged surfaces extending along the outer
periphery of the face of the disc in which it is formed
substantially the circumferential extent of said disc
and continuing at a location near the inner periphery
of said face as an inner groove extending substantial-
ly the extent of the central axial passageway of the
disc, the grooves being concentric with the central ax-
ial passageway, whereby to intercept any eluded ma-
terial escaping from any of the junctions of the said
passageways and travelling along the engaged sur-
faces toward the inner and/or outer circumferential
surfaces of the valve assembly, preventing the migra-
tion thereof to said circumferential surfaces. The thus
defined grooves were bridged by a groove portion
formed therebetween and connecting the pair of con-
centric grooves. Diluent or rinsing fluid, preferably lig-
uid, was introduced to the channel thus defined via
the inlet thereto. The rinse liquid passed solely
through the channel to wash any residue from the
channel, and did not serve to clean the engaged op-
posing faces of said discs. Where a groove was
formed in one face of one of said frictionally engaged
pair of disc faces, an inlet and an outlet was provided
for flushing that groove. The rinse liquid was intro-
duced only for the purpose of flushing the channel of
any residue which may have collected therein. In fact,
disassembly remained a pre-requisite to cleaning of
the frictionally engaged disc surfaces. It should be
pointed out that there was no means available by
which the frictionally engaged disc surfaces could be
cleaned in the absence of disassembly.

Accordingly, it would be highly advantageous to
provide a multiposition fluid sampling, metering and
delivery valve assembly operable with liquid and gas-
eous state fluids for delivering precise volumes of lig-
uid samples and diluent respectively, to pre-selected
testing locations automatically without manual inter-
action and capable of being installed in a small, com-
pact, stand-analyzer, said valve assembly capable of
employing positive and/or negative pressure to move
fluids therethrough in a reliable sequence, capable of
performing the metering of both sample and diluent
within the valve assembly, said valve assembly capa-
ble of being provided with self-cleaning means and
also capable of self-maintenance.

The present invention provides a liquid sampling,
metering and transfer valve assembly for use in a di-
luting apparatus of the type employed in a particle
study system, the valve assembly comprising:

atleast one segmenting passageway to isolate
from a continuous body of liquid sample a precise vol-
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ume of liquid sample as an aliquot to be diluted with
a predetermined volume of liquid diluent so as to form
a dilution of the liquid sample having a precise con-
centration for delivery to a location exterior of the
valve assembly;
and passageway means to deliver the said ali-
quot to a location exterior of the valve assembly along
with the said predetermined volume of liquid diluent;
characterized in that:
metering and storing means of precise interior
volume to meter and store therewithin the predeter-
mined volume of liquid diluent for diluting said aliquot
of liquid sample is provided as an integral part of the
valve assembly and comprises chambers carried by
a component of said valve assembly.
The invention also provides a method of diluting
a liquid sample using a liquid sample, metering and
transfer valve assembly in a diluting apparatus of the
type employed in a particle study system, the method
comprising:
using at least one segmenting passageway of
a sampling, metering and transfer valve assembly to
isolate from a continuous body of liquid sample at
least one precise volume of liquid sample as an ali-
quot for dilution with a predetermined volume of liquid
diluent;
metering and storing the predetermined vol-
ume of liquid diluent for diluting said aliquot of liquid
sample in chambers, carried by a component of said
valve assembly, of metering and storing means of pre-
cise interior volume forming an integral part of the
valve assembly, and
delivering the said aliquot to a location exterior
of the valve assembly along with the said predeter-
mined volume of liquid diluent using passageway
means of the valve assembly for forming a dilution of
the liquid sample having a precise concentration.
The preferred embodiment of this invention will
now be described by way of example, with reference
to the drawings accompanying this specification in
which:
FIGURE 1 is a schematic representation of a
blood analysis system employing the liquid sam-
pling, metering and transfer valve assembly con-
structed in accordance with the herein invention;
FIGURES 2A and 2B are plan views of the front
valve disc element of the valve assembly accord-
ing to the invention. FIGURE 2A illustrating the
outer face thereof and FIGURE 2B illustrating the
inner face thereof;
FIGURES 3A and 3B are plan views of the center
valve disc element of the valve assembly accord-
ing to the herein invention, FIGURE 3A illustrat-
ing one surface thereof which faces the inner face
of the front valve disc element when the valve as-
sembly is assembled and FIGURE 3B illustrating
the opposite surface thereof;
FIGURES 4A and 4B are plan views of the rear
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valve disc element of the valve assembly accord-

ing to the herein invention, FIGURE 4A illustrat-

ing the inner face thereof and FIGURE 4B illus-
trating the opposite or outer face thereof;

FIGURE 5 is an exploded perspective represen-

tation of the valve assembly according to the

herein invention.

The herein described liquid sampling, metering
and transfer valve assembly includes means whereby
both liquid sample and diluent are metered within the
valve assembly. The valve assembly includes means
defining a pair of segmenting passageways formed in
the center, rotatable valve disc and plural comple-
mentary matching or counterpart passageways in the
outer stationary valve discs, the discs arranged co-
axially aligned and mounted on a spindle with the cen-
ter disc having opposite faces frictionally engaged
with the faces of the sandwiching outer or stationary
valve discs. The center valve disc also is provided
with an additional segmenting passageway arranged
for cooperation with associated or counterpart passa-
geways formed in the stationary discs. Loops having
precise interior volumes are secured to one of the sta-
tionary discs, each for containing a diluent volume re-
quired for combination with respective precise vol-
umes isolated in the segmenting passageways.

The valve assembly of the invention is provided
with means whereby a continous body of sample is in-
troduced into and through the valve assembly defin-
ing a continuous flow path including through the first
mentioned segmenting passageways, the valve oper-
ating stepwise to isolate a precise volume of said
sample in said segmenting passageways and then
functioning to deliver the content of one of the said
passageways to a location exterior of the valve as-
sembly along with the content of one of the loops. The
other one of the first mentioned segmenting passage-
ways contains a precise volume of the sample which
is stored therewithin for further operation. The valve
then operates stepwise to enable the return to the
valve and into the third segmenting passageway of at
least a portion of the dilution formed when the content
of the one segmenting passageway with diluent is de-
livered to the location exterior of the valve assembly.
The valve assembly operates then to isolate a seg-
ment of the said returned dilution, which is delivered,
along with the content of a second of the loops, to a
testing location. Simultaneously, the stored volume of
sample is delivered from the other one of the first
mentioned segmenting passageways, along with the
content of the remaining loop, to another testing loca-
tion. Internal channel means having an inlet and out-
let are provided whereby rinse liquid can be intro-
duced into the valve assembly for cleaning the fric-
tionally engaged facing surfaces within the valve dur-
ing rotation of the center disc thereof, a 360 degree
rotation of said center disc can be employed as a
shut-down or pre-start-up rinsing step.
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Referring now to the drawing, a preferred em-
bodiment of the invention is illustrated diagrammati-
cally in FIGURE 1 as utilized in a blood analyzing sys-
tem 10 and is designated generally by reference char-
acter 20. In addition to the valve assembly 20, the sys-
tem 10 includes a pre-dilution chamber 12; a testing
apparatus 14 here dedicated to determining certain
characteristics of white blood cells; a testing appara-
tus 16, here dedicated to determining certain charac-
teristics of red blood cells; a transfer pump 18a for ef-
fecting the transfer of a sample from the valve assem-
bly 20 to the pre-dilution chamber 12, as required and
a transfer pump 18b for effecting the transfer of a
properly diluted sample from the valve assembly 20
to the testing apparatus 16, as required. Transfer
pumps 18c and 18d respectively, effect delivery of
suitable diluent and cleaner to the valve assembly 20
and from there, to the desired locations within the
system 10. Pump 18e is provided to control move-
ment of fluids and liquids for aspiration of the original
liquid sample from its source (not shown) to the valve
assembly 20 and/or the dilution in the pre-dilution
chamber 12 to the valve assembly 20 at the proper
time in the operational program of the system 10. The
valve assembly 20, in turn, operates to segment and
isolate therein a portion of the dilution obtained from
the chamber 12. The pump 18b also operates to direct
an isolated dilution portion from the valve assembly
to the testing apparatus 14. Pump 18f operates to di-
rect a liquid lysing reagent from a source L thereof to
the testing apparatus 14 at a proper time in the pro-
gram of the system 10. Pumps 18g and 18h operate
to move the diluted samples within the testing appa-
ratus 14 and 16 respectively, through the sensing
means 22 thereof. Pump 18i operates to mix the lig-
uids within testing apparatus 14 and 16. A waste re-
servoir W also is provided. Suitable conduits are pro-
vided leading to and between the various mentioned
components of the system 10. In FIGURE 1 there are
illustrated a plurality of pinch valves represented di-
agrammatically by reference characters 19. respec-
tively but not all so identified in the FIGURE. The test-
ing apparatus 14 and 16 each includes a suitable
sweep isolator Sl.

Aspirator probe 21 is provided for drawing an
original liquid sample from a source thereof (not
shown) for direction to the valve assembly 20 while a
backwash or wash cup 23 is provided to be positioned
vertically aligned with the probe once the sample has
been drawn, and is continued in that aligned condition
through the backwash and rinse steps of the system
10. The wash cup 23 otherwise is offset from the
probe 21.

The liquid sampling, metering and transfer valve
assembly 20 comprises a pair of coaxially aligned out-
er stationary valve disc elements 24 and 28 having a
rotatably movable central or inner valve disc element
26 sandwiched therebetween. The stationary ele-
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ments 24 and 28 are arranged spaced apart only suf-
ficiently to accommodate the central element 26
therebetween. The outer stationary valve disc ele-
ment 24 shall be referred to as the front element of the
assembly 20 as utilized in the system 10. Likewise,
the outer stationary valve disc element 28 shall be re-
ferred to as the rear element of the assembly 20,
again conforming to the preferred disposition thereof
when the assembly 20 is mounted for utilization in the
system 10.

The front element 24 is provided with opposite,
parallel faces 24’ and 24". The rear element 28 also
is provided with opposite, parallel faces 28’ and 28".
The central or inner element likewise has opposite,
parallel faces 26’ and 26”. The elements 24, 26 and
28 preferably are formed from a suitable ceramic ma-
terial with the facing surfaces thereof polished and
formed precisely flat to within one or two Helium
bands so as to reduce wear as well as friction and
bending when the respective elements are assem-
bled and the elements arranged so that the respec-
tive facing surfaces are frictionally engaged and the
central element rotated relative to the others during
the operation of the valve assembly 20.

Each of the valve disc elements 24, 26 and 28
have a central axial passageway 30, 30’ and 30" re-
spectively, of the same inner diameter, the centers of
which are aligned when the valve assembly 20 is as-
sembled and mounted for fluid handling during the op-
eration of the system 10. The valve assembly 20 pre-
ferably is multipositional and mounted so as to be
driven, for example, by a stepper motor via a worm
gear drive (both not shown). Each of the valve disc
elements 24, 26 and 28 carry an outwardly opening
notch 32, 34 and 36 respectively across the outer
perimetric surface 38 thereof for the purpose of guid-
ing the elements in alignment. Additionally, each of
the valve disc elements 24, 26 and 28 carries an out-
wardly opening, thin reference slot 40, 42 and 44 re-
spectively at a selected location across the outer peri-
metric surface 38, the center cross-lines of the notch-
es 32, 34 and 38 are aligned and, as well, the refer-
ence slots 40, 42 and 44 also are aligned, convenient-
ly via the use of a thin precision blade (not shown), to
assure accurate location of the home or initiate posi-
tion assumed by the valve disc elements 24, 26 and
28 each relative to the others, as will be described
hereinafter.

The front valve disc element 24 provides means
which function to establish communication to and
from the various fluid and liquid sources and the de-
livery destinations within the system 10 and carries
plural axially parallel precision passageways (bores)
in groups to cooperate with selected precision parallel
passageways formed on the central and rear valve
disc elements 26 and 28 to define plural, generally
parallel fluid paths axially through the assembled
valve disc elements 24, 26 and 28 of the valve assem-
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bly 20 within the system 10. The rear valve disc ele-
ment 28 carries three hollow loops 46, 48 and 50 se-
cured tightly, sealingly thereto, each of which is
formed with a precise interior volume and communi-
cates to precision passageways formed in that ele-
ment 28.

The central valve disc element 26 is rotatable, se-
lectively, in precise serial steps in accordance with
the program of the system 10 and carries a pair of
segmenting passageways 52, 54 defining measuring
chambers for isolating precise volumes of the original
liquid sample from the flow path thereof through the
valve assembly 20 established when said liquid sam-
ple is aspirated from the source of said sample via the
aspirator probe 21, said isolation occuring when the
central valve disc element 26 is rotated. The central
valve disc element 26 also carries plural, axially par-
allel passageways to bridge matching axially parallel
passageways formed in both of the stationary valve
disc elements 24 and 28 as the central valve disc ele-
ment 26 is rotated through its stepwise rotational
movement during the operation of the valve assembly
20 in accordance with the predefined program of the
system 10. Rotation of the central valve disc element
26 additionally isolates a precise volume of diluent
within each of the loops 46, 48 and 50. The respective
valve disc elements 24, 26 and 28 are formed to en-
able a neutral position to be reached whereat the only
communication between the valve assembly 20 and
the exterior thereof during one step in the program of
said system 10 is via the washing channels to be de-
scribed hereinafter.

The three valve disc elements 24, 26 and 28 shall
be described with reference to FIGURES 2A and 2B,
3Aand 3B and4AAND 4B. respectively. FIGURES 2A
& 2B illustrate the front valve disc element 24, posi-
tioned with the outer face 24’ illustrated in FIGURE 2A
and with the inner face 24" illustrated in FIGURE 2B.

Referring first to FIGURE 2A, the front valve disc
element 24 carries a first set (pair) of angularly
spaced, axially parallel, through passageways 56 and
58 of precise, preferably uniform inner diameter, the
centers of which being angularly spaced apart 15 de-
grees and at the same radial distance "a" from the
centerof axial passageway 30 of said element 24. A
second set (pair) of angularly spaced, axially parallel,
through passageways 60 and 62 are formed in said
element 24. The passageways 60 and 62 have pre-
cise, preferably uniform inner diameters. The centers
of passageways 60 and 62 are spaced angularly 15
degrees one from the other with the passageway 60
being angularly spaced forty-five degrees from the
center of passageway 58; the radial distance be-
tween the respective centers of passageways 60 and
62 and the center of axial passageway 30 being "c".
A third set of axially parallel, angularly spaced
through passageways 64, 66 and 68 are formed in the
front valve disc element 24 with their respective axial
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centers being angularly spaced equally one from the
other an angular distance of 30 degrees with the axial
center of passageway 64 being at an angular distance
of 60 degrees from the axial center of passageway
62. The axial centers of each of the passageways 64,
66 and 68 are spaced a radial distance of "¢" from the
axial center of passageway 30. Accordingly, the axial
centers of passageways 60, 62, 64, 66 and 68 inter-
sect a circular line taken concentric with the axial pas-
sageway 30 and spaced a radial distance of "¢" from
the axial center of said passageway 30.

An axially parallel through passageway 70 is
formed in the front element 24 angularly spaced 60
degrees from the axial center of passageway 78 and
parallel thereto, spaced a radial distance "b" from the
axial center of passageway 30 and along a line taken
through the axial centers of passageways 30 and 62.

A fourth set of axially parallel, through passage-
ways 72, 74 and 76 is formed in the front element 24,
the axial centers of each lying respectively, along
lines taken through the axial centers of passageways
30 and 64, 66 and 68 respectively; the axial centers
of said last mentioned passageways also being
spaced angularly 30 degrees one from the other and
each also being at a radial distance "c" from the axial
center of passageway 30.

A fifth set (pair) of axially parallel, angularly
spaced through passageways 78 and 80 are formed
in said front element 24, the axial centers thereof be-
ing angularly spaced apart 30 degrees and the axial
center of each passageway 78 and 80 being spaced
aradial distance "b" from the axial center of passage-
way 30; the axial center of passageway 78 lying along
a line taken through the axial centers of passageways
30 and 62.

The axial centers of passageways 78 and 80, as
well as the axial centers of passageways 70, 72, 74
and 76 all lying in a second circular line drawn concen-
trically with passageway 30, the radius of said circular
line being "b".

A sixth set of axially parallel, through passage-
ways consisting of passageways 84 and 86 is formed
in the front element parallel to and having the same
diameter as the axially parallel passageways 56 and
58. The axial center of passageway 84 is spaced ara-
dial distance "d" from the axial center of passageway
30. Likewise, the axial center of passageway 86 is
spaced a radial distance "d" from the axial center of
passageway 30 and is angularly spaced 15 degrees
from a line taken through the axial centers of passa-
geways 80 and 30. The axial center of passageway 84
is angularly spaced 60 degrees from a line taken
through the axial centers of passageways 80 and 30
(and is angularly spaced 45 degrees from a line taken
through the axial centers of passageways 86 and 30).

Asingular axially parallel through passageway 82
is formed in the front element 24. The axial center of
passageway 82 is located along a line taken diamet-
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rically through the axial centers of passageways 62,
70 and 30 and is located between the axial center of
passageway 30 and the perimetric surface 38 of said
element 24 at a radial distanced "e" from the axial
center of passageway 30. All the axially parallel pas-
sageways formed in the valve disc element 24 are
parallel to the center axis of said element as well as
to themselves. All of the axially parallel passageways
formed in said valve disc element 24 communicate to
the exterior of the valve assembly 20 by respective
nipples indicated in the drawing by priming of the ref-
erence characters identifying the said axially parallel
passageways, the said axially parallel passageways
opening to the opposite surfaces 24’ and 24" of said
element. The nipples are adapted to be received in
the open ends of suitable conduits, to be described
later, for communication to the exterior of the valve
assembly 20.

Referring to FIGURE 2B, the inner surface 24’
carries a pair of concentric circular grooves 88 and
90, groove 88 comprising the outer groove and
groove 90 comprising the inner groove. Groove 88 ex-
tends circumferentially substantially about 350 de-
grees spaced inwardly of the perimetric surface 38 of
said element 24 while the inner groove 90 is endless
and is spaced inwardly of the inner perimetric surface
38’ of the element 24 surrounding the axial passage-
way 30 thereof. Grooves 88 and 90 are connected or
linked by radial groove 92 including a linking arcuate
groove 94. The opening of passageway 82 to the sur-
face 24" is located at the free end 88’ of the outer
groove 88, the center of passageway 82 being coin-
cident with the center line of the groove 88.

Now, attention is directed to FIGURES 3A and 3B
wherein the central valve disc member 26 is illustrat-
ed, surface 26’ being illustrated in FIGURE 3A and
surface 26" being illustrated in FIGURE 3B. Referring
to FIGURE 3A, a pair of axially parallel, segmenting
through passageways 52 and 54 are formed in the
central element 26, the axial center of passageway 52
being spaced angularly from the axial center of pas-
sageway 54 by 75 degrees. Passageways 52 and 56
have identical uniform inner diameters (and identical
to axial passageways 56, 58, 86 and 84 of valve disc
element 24). An outer group of axially parallel,
through passageways 96, 98 and 100 are formed in
the central valve disc element 26 and have their cen-
ter axes respectively intersecting a circular line taken
concentrically with the axial passageway 30 of the
central valve disc element 26 and having a radius "c".
The center axis of passageway 96 is spaced angular-
ly from the center axis of passageway 98 by 90 de-
grees determined from the angle defined by a line
taken through the center axes of passageways 30’
and 96, and a line taken through the center axes of
passageways 30’ and 98. Passageway 98 and passa-
geway 100 are spaced apart angularly by 30 degrees
as determined by the angle defined by a line taken
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through the center axes of passageways 30’ and 98
and a line taken through the center axes of passage-
ways 30’ and 100.

A second group of axially parallel, through passa-
geways 102, 104, 106, 108, 110 and 112 are formed
in the center valve disc element 26, each opening to
the opposite surfaces 26’ and 26" thereof. The center
axes of the second group of passageways intersect a
circular line taken concentric with passageway 30’ of
element 26, said circular line having a radius "b". The
axes of passageways 102 and 104 are spaced angu-
larly one from the other by 15 degrees determined by
the angle defined by a line taken through the axes of
passageways 30’ and 102 and a line taken through
the axes of passageways 30’ and 104. The axes of
passageways 104 and 106 are spaced apart an an-
gular distance of 60 degrees determined by the angle
defined by a line taken through the axes of passage-
ways 30’ and 104 and a line taken through the axes
of passageways 30’ and 106. The axes of passage-
ways 106 and 108 are spaced apart an angular dis-
tance of 60 degrees determined by the angle defined
by a line taken through the axes of passageways 30’
and 106 and a line taken through the axes of passa-
geways 30’ and 108. The axes of passageways 108
and 110 are spaced apart an angular distance of 30
degrees determined by the angle defined by a line
taken through the axes of passageways 30’ and 108
and a line taken through the axes of passageways 30’
and 110. The axes of passageways 110 and 112 are
spaced apart an angular distance of 30 degrees de-
termined by the angle defined by a line taken through
the axes of passageways 30’ and 110 and a line taken
through the axes of passageways 30’ and 112.

An axially parallel, through passageway 114 is
formed in the center element 26 opening to opposite
surfaces 26’ and 26" of said center element 26. The
center axis of passageway 114 is spaced aradial dis-
tance "f" from the center axis of passageway 30'.

Referring to FIGURE 3B, oval configured, out-
wardly opening recesses or galleries 102’, 104, 106,
108’, 110’ and 112’ are formed in the center element
26 opening to the surface 26", the passageways 104,
106, 108, 110 and 112 open to the inner end of their
respective gallery 104’, 106’, 108’, 110’ and 112'.
These galleries each have their long axes coincident
with a respective line taken through the axes of their
respective passageways and the axis of passageway
30'. The shortest linear distance between the axes of
passageways 102 and 104 is represented by a dis-
tance "g" along a line taken through said axes. The
long axis of the gallery 102’ is coincident with a
straight extension along line "g’" from the line repre-
senting the distance "g". The long axis of each gallery
104’,106’, 108’, 110’ and 112’ lies in respective radial
lines drawn through the center axis of passageway
30'.

In FIGURES 4A & 4B, the rear valve disc element
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28 is shown, viewing the inner face 28’ thereof in FIG-
URE 4A and viewing the outer face 28" in FIGURE 4B.
A first pair of axially parallel through passageways
116 and 118 is formed in rear element 28. A second
pair of axially parallel through passageways 120 and
122 also is formed in said rear element 28 and a third
pair of axially parallel through passageways 124 and
126 being formed in said element 28. As mentioned
earlier, element 28 carries three hollow loops 46, 48
and 50 each having a precise interior volume and
functioning to contain precise volumes of diluent.
These loops are secured sealingly to said element 28
at the openings of the last mentioned passageways
pairs to the outer surface 28", the loops being direct-
ed first outward of said surface 28" and then directed
radially outwardly so as to minimize the space re-
quired to accommodate them at the rear of said valve
assembly 20 when same is mounted for operation in
the system 10.

Loop 48 has its opposite ends secured within
passageways 120 and 122 while the loop 50 has its
opposite ends secured within passageways 124 and
126. Additional axially parallel passageways 128 and
130 are formed in the element 28 opening to opposite
faces 28’ and 28" thereof. The passageway 120 is lo-
cated so that its center axis is spaced 60 degrees
from the center axis of passageway 116 as defined by
a line taken through the center axes of passageway
116 and passageway 30" and aline taken through the
axes of passageway 120 and the axial passageway
30". The axial centers of both passageways 120 and
116 lie in the same circular line taken concentric with
said axial passageway 30"; the axial centers of pas-
sageway 118, 122 and 126 also lying in the same cir-
cular line. The additional passageway 128 is located
so that its center axis is spaced from the center axis
of passageway 120 an angular distance of 15 degrees
as defined by a line taken through the axial centers
of passageways 30" and 128 and a line taken through
the axial centers of passageways 30" and 120. The
axial passageway 130 is located inwardly offset from
the perimetric surface of element 28 and outwardly
offset from the concentric circular line through which
the axial centers of passageways 118, 120, 122, 124
and 128 lie. The liquid passing to and/or from opening
of the hollow loop to the respective through passage-
way formed in the central element 26 is guided by the
interior of respective gallery, the floor of which leads
flow into the pertinent passageway entrance without
turbulence as may occur if the flow was directly into
the entrance to the said passageways.

An outer groove 132 is formed in the surface 28’
of element 28 concentric with the axial passageway
30" of said element 28 and is spaced inwardly of the
perimeter of said element, outer groove 132 extend-
ing about 350 degrees circumferentially about the
said perimetric surface. Concentric inner groove 134
is formed in the surface 28’ concentric with both the
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outer groove 132 and the axial passageway 30, said
inner groove 134 being endless. A linking radial
groove 136 connects grooves 132 and 134 along ara-
dial line taken through the axial center of passageway
30” and defining an angle of 15 degrees with the line
taken through the axial centers of passageways 30"
and 130. The groove 132 communicates with the pas-
sageway 130 by way of arcuate groove portion 132’
and with the radial groove 136 by way of arcuate
groove portion 132" at its opposite end. Grooves 132
and 134 define, with radial groove 136, a washing
channel 140 with the imperforate portion of the sur-
face 26" facing same; likewise, grooves 88, 90 and
94, along with radial groove 92 formed in surface 24"
also define a washing channel 95 with the imperfor-
ate portion of the surface 26’ facing same.

A shallow, arcuate groove portion 138 is formed
in the surface 28", one end 138’ thereof located at a
radial distance "f' from the axis of passageway 30"
and the opposite end, 138", being located at a radial
distance "g" from the axis of passageway 30". Ends
138’ and 138" are located to align with the axial cen-
ters of passageways 52 and 54 respectively when the
central valve disc element 26 assumes its "home" or
initiate position with the reference slots 40, 42 and 44
aligned. As will be explained hereinafter, the passa-
geway defined by groove 138 and the adjacent imper-
forate surface 26" serves to communicate between
the passageways 52 and 54.

Attention now will be directed to the operation of
the liquid sampling, metering and transfer valve as-
sembly 20 once assembled and installed in the sys-
tem 10. The valve assembly 20 is mounted so that the
valve disc elements 24, 26 and 28 are arranged with
surfaces 24", 26, 26" and 28’ frictionally engaged re-
spectively, only valve disc element 26 being rotatable
while the other two valve disc elements 24 and 28 re-
main stationary. Axial passageways 30, 30’ and 30"
are aligned and coaxial. The centers of each of the
notches 32, 34 and 36 of elements 24, 26 and 28 re-
spectively, are aligned and, as well, reference slots
40, 42 and 44 are aligned. When so mounted, the pos-
ition of the valve assembly 20 is defined as the
"home" or initiate position, particularly relating to the
angular position assumed by the rotatable center
valve disc element 26.

The valve assembly 20 operates through five
positions which are defined by the relative relation-
ship of the central valve disc element 26 to the sta-
tionary valve disc elements and in accordance with
the operating program of the system 10. The "home"
position is the initial mounting relationship of the three
valve disc elements 24, 26 and 28. In addition to the
alignment of the centers of the perimetric notches 32,
34 and 36 and the centers of the perimetric slots 40,
42 and 44, passageway 52 is aligned with passage-
way 56 and with the end 138’ of arcuate groove 138.
Passageway 54 is aligned with the passageway 84
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and the opposite end 138" of arcuate groove 138.
Passageways 52 and 54 serve as segmenting passa-
geways or measuring chambers for isolating therein
a precise metered measured volume (an aliquot) of
original liquid sample (the sample to be tested) when
the central valve disc element 26 is rotated. Passage-
way 86 is aligned with passageway 104 and passage-
way 80 is aligned with passageway 102. Passageway
70 is aligned with passageway 106. Passageway 116
is aligned with the gallery 104’ leading to passageway
104; passageway 118 is aligned with the gallery 108’
leading to passageway 108; and, passageway 124 is
aligned with the gallery 102’ leading to passageway
102. At the "home" position, passageway 122 is
aligned with the gallery 110’ leading to passageway
110 while passageway 126 is aligned with the gallery
112’ leading to passageway 112. Passageways 72,
74 and 76 are aligned with passageways 108, 110 and
112 respectively. Passageways 58 and 60 are
blocked by the imperforate portions of the surface 26’
of element 26. Passageway 80 is aligned with passa-
geway 102. Passageways 64, 66 and 68 are blocked,
again by the imperforate portions of said surface 26'.
Passageways 96, 98, 100, 128 and 130 also are
blocked, also by the imperforate surface of said face
26’'. Thus, at the home position of the center valve
disc element 26, the following flow paths through the
valve are defined:

A. The flow path along passageway 56, through

passageway 52 (of the center valve disc element

26), along arcuate groove 138 and through pas-

sageway 54 (of the central valve disc element 26)

and then through passageway 84 of the front

valve disc element 24,

B. The flow path along passageway 86, through

passageway 104 along gallery 104’ to passage-

way 116, through loop 46 to passageway 118 and
thence, along the gallery 106’ to passageway

108, and from passageway 108 passageway 72.

C. The flow path along passageway 80, through

passageway 102, thence to gallery 102’ leading

to passageway 124, from passageway 124 to and
through loop 50 to passageway 126 and into gal-
lery 112’leading to passageway 112 and from
passageway 112 into and through passageway

76.

D. The flow path along passageway 74, through

passageway 110, thence to gallery 110’ leading

to passageway 122, from passageway 122 to and
through loop 48 to passageway 120 and thence
to gallery 106’ leading to passageway 106 and

into and through passageway 70.

Thus, while the valve assembly 20 is at the home
position, the system 10 operates to introduce diluent
into the loops 46, 48 and 50 along paths B, C and D,
during priming of the system 10. At the same time,
original liquid sample is aspirated (or drawn) from a
source thereof (a sample tube or other container
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brought into communication with the aspirator probe
21) into the valve assembly along path A. Within the
system 10, the sweep-flow means, including sweep
isolator Sl, adjunct to the testing apparatus, is primed,
i.e. diluent being introduced thereinto, the testing ap-
paratus 14 and 16 is being drained. If provided by the
program of the system 10, can operate to aspirate air
to dry the tip of the aspirator probe. Now, with the test-
ing apparatus 14 and 16 having been drained and the
loops 46, 48 and 50 primed (along with the predilution
chamber 12 and testing apparatus 14 and 16), and
with original liquid sample filling the flow path A
through the valve assembly, the center valve disc ele-
ment 26 is operated to rotate 15 degrees to place the
valve assembly 20 in operating position #1. The pre-
dilution chamber 12 is drained, the backwash cup 23
is brought to a disposition with its entry vertically
aligned with the aspirator probe 21 and filled. In pos-
ition #1, the rotation of the center valve disc element
26 effectively isolates the content of passageway 52
and the content of passageway 54 from the flow path
A and thus isolates a precise volume of the original
sample in each passageway 52 and 54. Each of these
isolated sample volumes can be described as "ali-
quots".

While the valve assembly 20 is disposed in pos-
ition #1, passageway 52 is aligned with passageway
58 of valve disc element 24. Passageway 52, in the
center valve disc element 26, is in alignment with pas-
sageway 116. A passageway 98 is aligned with pas-
sageway 118 and also is aligned with passageway 64.
The passageway 52 becomes a portion of the flow
path which includes the loop 486, the pre-dilution loop.
Passageway 100 is aligned with passageway 122.
The passageway 80 is blocked, as are passageways
60, 62, 74, 76, 110, 108, 86, 84, 80, 54,102, 126, 104
and 96. Passageway 66 is aligned with passageway
100 which is in turn aligned with the passageway 122
and loop 48. However, the opposite end of loop 48 is
coupled to passageway 120 which is blocked by sur-
face 26" of the center valve disc element 26. There-
fore, the diluent content of the pre-dilution loop 12
along with the measured, precise volume of original
liquid sample which was isolated in the passageway
(or chamber) 52. The draining of the testing apparatus
14 and 16 is completed and when the program of the
system 10 effects a further fifteen degree rotation of
the valve disc element 26 to place said assembly 20
into the second position of operation, the position #2.

When the valve assembly 20 is disposed in the
second position, vacuum is drawn by the aspirator
pump 21 to introduce the completed pre-dilution from
the pre-dilution chamber 12 back into the valve as-
sembly 20 and the system further operates to drain
the pre-dilution chamber 12, leading its remaining
content to a waste reservoir W. With the valve assem-
bly 20 disposed in the second position, passageways
56 and 58 are blocked. Passageway 60 is aligned with
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passageway 96 which is aligned with passageway
128. Passageways 62, 70, 72, 64, 66, 100, 112, 84,
86 and 80 are blocked. Passageway 74 is aligned with
passageway 108, in turn aligned with gallery 108’
leading to passageway 122. Passageway 76 is
aligned with passageway 110, in turn aligned with gal-
lery 110’ leading to passageway 128. Passageways
124 and 126 are blocked so that the content of the
loop 50 is isolated. The passageways 120 and 122 re-
main blocked so that the content of loop 48 remains
isolated. The pre-dilution chamber 12 is rinsed. Now,
the program of the system 10 operates to rotate the
center valve disc element 26 a further 15 degrees,
making a total rotation of 45 degrees to place the
valve assembly 20 in position #3.

When the valve disc element 26 rotates to posi-
tion #3, a precise volume of the pre-dilution is isolated
in the passageway 96 (same functioning as a meas-
uring chamber for the pre-dilution). Now the system
operates to drive the volume in passageway 96 and
the original liquid sample (which had been stored in
passageway 54) to the testing apparatus 14 and the
testing apparatus 16 respectively, along with the con-
tent of loop 48 and 50 respectively, mixing of the iso-
lated volumes (or aliquots) and their respective dilu-
entvolumes in the respective testing apparatus being
effected (by pump 18i). The system 10 operates via
pump 18f, to deliver lyse reagent from the source L to
the testing apparatus 14 so that a determination of
the characteristics of the white blood cells therein
may be made in testing apparatus 14. A determina-
tion of the red cell characteristics is ready to be made
in testing apparatus 16. While the mixing occurs, the
center valve disc element 26 is caused to rotate 50 de-
grees in the reverse direction relative its prior rotative
activity during its progress through the 1st through
3rd positions from the "home" position so that the
center valve disc 26 arrives at a position 5 degrees
further than its "home" position.

Rotation of the valve disc element 26 from its
position #2 to its disposition in position #3 places pas-
sageways 86 and 54 aligned with the passageway
124 and passageways 62 and 96 aligned with the
passageway 120. Passageways 66 and 98 are
aligned with passageway 122 and passageways 68
and 100 are aligned with passageway 126. The con-
tent of passageway 54 is directed to the testing appa-
ratus 16 along with the diluent content of loop 50. The
content of passageway 96 is directed along with the
diluent content of loop 48 to the testing apparatus 14.

With the valve disc element 26 reverse rotated to
its position #4. that is, 5 degrees past its "home" pos-
ition, the system 10 operates to retain the valve disc
element 26 in a "dwell" condition, initiating a one sec-
ond "sweep-flow" purge just before the "counting" or
testing is initiated. After the "purge" period, the center
valve disc element 26 is caused to rotate toward the
"home" position during which rotation testing is initi-
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ated and completed at the time the valve disc element
26 arrives at the "home" position.

When the center valve disc element 26 returns to
the "home" position, the testing is completed, the
backwash cup 23 is raised so that the aspirator probe
21 is disposed within the said backwash cup 23. Dilu-
ent then is aspirated from the backwash cup 23 into
the aspirator probe 21 and then proceeds along the
same path taken by the original liquid sample. At the
same time, the loops 46, 48 and 50 are primed with
diluent and the pre-dilution chamber 12 is filled with
diluent.

The valve disc element 26 then is rotated 15 de-
grees to the first portion of the valve assembly 20.
The content (now diluent) of passageway 52 is direct-
ed to the pre-dilution chamber 12. A second volume
of diluent is withdrawn (by aspiration) from the back-
wash cup 23 to complete cleaning of the aspirator
probe 21. The backwash cup 23 is lowered, thereby
causing wiper means (not shown) to translate down-
wards relative to the probe 21 to clean and dry the ex-
terior of the probe 21. Optionally, air (or vacuum) can
be drawn and applied to the tip of the probe 21 to dry
same. The center valve disc element 26 then rotates
to assume the 2nd position whereat diluent is pumped
to drive the isolated first dilution from the pre-dilution
chamber through the pertinent passageways of the
valve assembly 20 to the testing apparatus 14 and 16
respectivly.

The center valve disc element 26 then is rotated
to its position #3 whereat diluent is driven to the test-
ing apparatus 14 and 16. The valve disc element 26
then returns to the "home" position. The described
rinsing operation of the valve assembly 20 and the re-
spective backwash cup, pre-dilution chamber and
testing apparatus is repeated. With the valve disc ele-
ment 23 returned to its "home" position, the system
10 is ready for the next original liquid sample.

The valve assembly 20 is provided with means
therewithin whereby the interior surfaces of the valve
disc elements are washed, normally occuring at the
time the system is shut down, as after a day’s oper-
ation. A source of cleaning liquid and a source of air
is coupled respectively to passageways 82 and 130
(FIGURES 2A and 4A) or vice versa. At a signal, the
system 10 operates pumps 18d and 18e to direct
cleaning liquid and air respectively serially into, say
passageway 130. The valve disc element 26 begins
a continuous rotation through 360 degrees while the
cleaning liquid courses into and through wash chan-
nel 132 along radial channel 136 to and through end-
less channel 134 to passageway 114. The cleaning
liquid continues to flow through passageway 114 and
enters the endless channel 90, passes along channel
92 to the outer wash channel 88 to exit the valve as-
sembly 20 at 82. The wash channels are enclosed by
the facing surfaces 24" and 28'. The surfaces 24" and
28" as well as surfaces 26’ and 26" are washed by the
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cleaning liquid passing through the radial channel
portions 130 and as the center valve disc 26 rotates
through the 360 degree full rotation. Additionally, the
inner and outer grooves 88 and 92, and 132 and 134
prevent any debris or liquid emerging from the junc-
tures of any of the passageways from traversing
along the frictionally engaged interior surfaces from
reaching the circumferential surfaces of the valve as-
sembly 20, any such material being caught by the
grooves and washed away with the flow of cleaning
liquid through the channels 140 and 95.

With particular reference to FIGURE 1, a descrip-
tion of the operation of the valve assembly 20 shall
ensue following the flow of fluids through the system
10 from the valve assembly 20 along the respective
conduits to the various pumps, chambers, testing ap-
paratus, i.e. destinations in said system at each step-
ped position of the said valve assembly 20.

With the valve assembly 20 at the "home" posi-
tion, original liquid sample, in this system, whole
blood, is aspirated through the aspirator probe 21
along conduit 160 to the valve assembly 20. The loops
46, 48 and 50 are primed, that is, filled with diluent
employing pump 18c¢ following conduit 164 and
branching by way of conduits 170, 172 and 176 to the
valve assembly 20. Air pressure moving ahead of the
diluent travels outward from the valve assembly 20
along branch conduits 174, 206 and 208 to conduit
180 and then, via conduit to level detector 202 to con-
duit 204 returning to the source of pressurized air.
The sweep flow SF also is primed, diluent from the
source | following line 210 to level detector 202, and
from detector 202 along line 212 to the sweep flow SF
filling the sweep flow isolator Sl with diluent, directing
excess to the pump 18g to the waste chamber W’ and
thence to the waste reservoir W.

The test apparatus 14 and 16 then are drained as
is the pre-dilution chamber 12. Air then is aspirated
from the system 10, including the aspirator probe 21.

The valve disc element 26 then is rotated to as-
sume its position #1. The pre-dilution chamber 12 is
drained via conduit 182 to pumps 18g and 18h. With
the valve disc element 26 still in the #1 position, the
backwash cup 23, now in position vertically aligned
with the probe 21, is filled with diluent. The rotation
of the valve disc element 26 to position #1 from the
"home" position, isolates a measured volume of the
original sample and positions same to be directed to
the pre-dilution chamber 12, along with the content of
diluent contained in loop 46. This last mentioned de-
livery is effected by transfer pump 18a by air traveling
from pump 18a along conduit 142 via conduit 144 to
the loop 46 and via conduit 158 to the pre-dilution
chamber 12. The mixing pump 18i directs air to the
pre-dilution chamber 12 along conduit 192 for mixing
the constituents within the pre-dilution chamber 12.
Both the testing apparatus 14 and 16 are drained.

The valve disc element 26 of the valve assembly
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20 is rotated to assume its 2nd position of operation
and the prediluted content of the predilution chamber
is aspirated (drawn) from said chamber 12 to the
valve assembly 20 following conduit 154, the flow
passing from the valve assembly 20 to the aspirator
pump 18e via conduit connection 168. The pump 18i
then operates to effect the drainage of the pre-dilu-
tion chamber 12 and the drained material is directed
along conduit 182 to the pump 18h and from there, is
directed to the waste chamber W” and the waste re-
servoir W.

The valve disc element 26 then is rotated to as-
sume position #3 of the valve assembly 20. Now, un-
der the operation of the pump 18c, diluent is directed
to the wash channels 140 and 95 of the valve assem-
bly 20 and thence to the pre-dilution chamber 12 for
rinsing of same. The rotation of said element 26 ef-
fects isolation of a given volume aliquot of said predi-
luted sample within the valve assembly 20. With the
valve disc element 26 in position #3, pumps 18a, 18b
and 18i operate to deliver the isolated pre-dilution vol-
ume along with the content of loop 48 to the test ap-
paratus 14 for mixing same therein. The pump 18a op-
erates to deliver the originally isolated volume of orig-
inal sample, along with the content of loop 50 to the
testing apparatus 16 and mixed in said apparatus.
Lyse reagent is delivered to the testing apparatus 14
and mixed with the content within said apparatus 14.

The valve disc element 26 next is rotated in a re-
verse direction from its prior rotational activity to as-
sume a position 5 degrees past the "home" disposi-
tion. There the valve disc element 26 remains in a
dwell state for a one second period. During this peri-
od, the sweep flow is purged. Then the program of the
system 10 initiates the testing sequence, the pumps
18g and 18h operating to draw the respective con-
tents of testing apparatus 14 and testing apparatus
16 through the scanning means 22 of the respective
testing apparatus.

The valve disc element 26 begins to return to its
"home" position when the testing is initiated and such
testing is completed in the time elapsed until the
"home" position is reached, terminating when said
"home" position is reached.

Upon the valve disc element 26 reassuming its
"home" position, the loops 46, 48 and 50 are once
again primed. The backwash (diluent) content of the
backwash cup 23 is aspirated through the probe 21
along conduit 160 into and through the valve assem-
bly 20 so that the pre-dilution chamber 12 is rinsed.
The backwash cup 23 is drained and then refilled.
Next, the pre-dilution chamber 12 is drained following
the previously described route. The refilled backwash
cup 23 again is aspirated so that its content is again
drawn into the probe and from there, through the
valve. Then the testing apparatus 14 and 16 is
drained and the backwash cup 23 again is drained.
The aspirator probe 21 then is rinsed and dried. Valve
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disc element 26 then rotates to its position #2 where-
upon rinse liquid within the pre-dilution chamber 12 is
drawn into the valve assembly 20 under the influence
of the aspirator pump 18e, said rinse travelling
through conduit 154 to the valve assembly and leav-
ing the valve assembly via conduit 168 to the pump
18e and thence to waste chamber W’, thence to waste
reservoir W. The pre-dilution chamber 12 again is
rinsed with diluent and the rinse then drawn through
the valve for disposal to waste chamber W’ and waste
reservoir W.

Next, the valve disc element 26 is rotatably trans-
lated to its position #3 and diluent is directed to and
from the valve assembly 20 via the loop 48 and into
the testing apparatus 14 whereat it is mixed and the
mixed content drained. Likewise, the apparatus 16 is
rinsed along with the loop 50.

When the operational activity for a day has been
completed and the apparatus 10 is to be shut down,
the valve disc element 26 is caused to rotate 360 de-
grees and rinse (cleaner liquid then diluent) is driven
into the washing channels 95 and 140 during said ro-
tation for cleaning of the engaged surfaces and of the
content, if any, of the washing channels 95 and 140.
Cleaning is effective due to the sweeping action of the
rinse liquid particularly caused by rotation of the ra-
dial portions of said channels. The rinsing sequences
preferably are carried out twice in succession to pre-
vent any intermingling of samples, contamination
within the system, over-runs and the like.

Thus there has been described a sampling, me-
tering and transfer valve assembly which provides, for
the first time, more than two internal segmenting pas-
sageways, each capable of containing an isolated
precise aliquot of liquid sample, for distribution to ex-
terior locations along with a precise, measured vol-
ume of liquid diluent. The valve further provides loops
as a part of the valve assembly each of which is ca-
pable of containing and storing a precise volume of
diluent. There also has been described means where-
by an aliquot of liquid sample is directed to a location
exterior of the valve assembly with diluent to form
thereat a diluted body of liquid, said body being re-
turned to the valve assembly and, therein, an aliquot
thereof is isolated and directed from the valve assem-
bly with a given volume of diluent to a testing location.
The valve assembly described is also capable of re-
taining an aliquot of liquid sample for subsequent dis-
tribution (with a precise volume of dilent) to an exter-
ior located testing apparatus. All the steps of metering
of the liquids are performed within the valve assembly
described.

All of the steps described above are capable of
being effected without operator interaction, automat-
ically and accurately.

In the preferred embodiment described herein,
the hollow loop 46 contains 600 microliters of diluent,
the hollow loop 48 contains 1800 microliters of diluent
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and the hollow loop 50 contains 1450 microliters of
diluent. The pre-dilution initially obtained in pre-dilu-
tion chamber 12 is a 1:75 dilution. The dilution deliv-
ered to the testing apparatus 14 and tested therein is
a 1:250 dilution when lyse reagent is added. The di-
lution delivered to the testing apparatus 16 and tested
therein is a 1:6250 dilution. The aforementioned vol-
umes and degrees of dilution are examples and are
not intended to be limiting with respect to the scope
of the invention.

In the course of the above description, there have
been many references to the terms "axially parallel"
and "matching" as applied to the internal passage-
ways formed in the valve disc elements 24, 26 and 28
of the valve assembly according to the herein inven-
tion. The term "axially parallel" is intended to describe
passageways in the form of bores which are formed
through the thickness of the discs which are assem-
bled side by side and mounted on a spindle or the like,
the said bores opening to the opposite faces of the
discs in which they are formed. These passageways
so described are parallel to the center axis of the re-
spective disc in which they are formed, and, their cen-
ter axes are parallel to each other. Each of the through
passageways described in a particular disc has coun-
terpart passageways which comprise bores formed in
the other discs, the important criterion being that by
"matching" describes a counterpart which is aligned
with and communicates fully with its counterpart
bore. By following the description of the respective
flow paths for liquid sample and for diluent, as well as
those paths leading into and out of the valve assembly
to the pre-dilution chamber, the testing apparatus 14
and 16, to the sources of liquid sample and diluent
and those leading to other destinations to and from
the valve assembly 20 will clearly enable the reader
to identify which passageways are included in partic-
ular matching relationships. "Matching" passageways
are defined as counterparts to the specific passage-
ways identified.

It should be recognized that the scope of the in-
vention herein described is intended to include
through passageway pairs, including so-called seg-
menting passageways, which may be diagonal rela-
tive to the center axis of the discs and may not be
identically parallel to one another. So long as they
function to carry flow to and from their counterpart
passageways in the other discs, they would be con-
sidered to be within the scope of the invention if their
content is entirely received from and passed through
the respective counterpart or "matching" passage-
way. Additionally, reference in the appended claims
to "aliquot" is intended to describe that volume of lig-
uid which is isolated within the segmenting passage-
ways regardless of its identity, either as original liquid
sample or as the product of the pre-dilution step
which is returned to the valve assembly 20 from the
pre-dilution chamber 12 and a precise volume of
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which is isolated within the segmenting passageway
(or measuring chamber) 96 and subsequently diluted
and directed to the testing apparatus 14.

Claims

1. Aliquid sampling, metering and transfer valve as-
sembly (20) for use in a diluting apparatus (10) of
the type employed in a particle study system, the
valve assembly (20) comprising:

at least one segmenting passageway (52 ;
54) to isolate from a continuous body of liquid
sample a precise volume of liquid sample as an
aliquot to be diluted with a predetermined volume
of liquid diluent so as to form a dilution of the lig-
uid sample having a precise concentration for de-
livery to alocation exterior of the valve assembly;

and passageway means (58, 64, 98; 68,
86, 100) to deliver the said aliquot to a location
exterior of the valve assembly along with the said
predetermined volume of liquid diluent; charac-
terized in that:

metering and storing means (46, 116, 118;
50, 124, 126) of precise interior volume to meter
and store therewithin the predetermined volume
of liquid diluent for diluting said aliquot of liquid
sample is provided as an integral part of the valve
assembly (20) and comprises chambers (46; 50)
carried by a component (28) of said valve assem-
bly (20).

2. The valve assembly according to claim 1 in which
plural segmenting passageways (52 ; 54) are
provided for providing plural measured volumes
of liquid sample from a single source thereof as
individual aliquots thereof along with respective
predetermined volumes of diluent to form plural
respective dilutions, characterized in that said
metering and storing chambers are defined by
loops (46, 50) and associated complementary
counterpart through passageways (116, 118;
124, 126), said loops (46, 50) being secured seal-
ingly to a valve disc element (28) of said valve as-
sembly.

3. The valve assembly according to claim 1 wherein
said valve assembly includes a pair of spaced
outer stationary valve disc elements (24, 28) and
an inner rotatable valve disc element (26) sand-
wiched therebetween, said inner element (26)
having opposite faces (26', 26") sealingly friction-
ally engaged with the adjacent faces (24", 28’) of
said outer elements (24, 28), internal segmenting
passageways (52 ; 54) formed in the rotatable
valve disc element (26); characterized in that said
diluent metering and storing chambers each in-
clude at least a hollow loop (46 ; 50) secured to
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an outer one (28) of the stationary elements (24,
28), each loop (46; 50) having a precise volume
therein for storing the volume required to supply
the diluent needed for one aliquot per loop.

The valve assembly according to claim 3 charac-
terized in that the segmenting passageways
(52;54) are formed in the inner valve disc element
(26), one for each loop, plural first complemen-
tary counterpart passageways (58, 64; 68, 86)
formed in one (24) of said outer valve disc ele-
ments (24,28) constructed and arranged for
placement in communication with select ones of
said internal segmenting passageways (52;54)
sequentially upon step-wise rotation of said inner
valve disc element (26) for leading each aliquot
into and out from the valve assembly (20) and
second complementary counterpart through pas-
sageways (116, 118; 124, 126) are formed in the
other outer valve disc element (28) for leading
diluent through the valve assembly following a
path into and out from said segmenting passage-
ways (52;54) and including said loops (46; 50)
whereby to make the respective dilutions of said
aliquots, to load each loop with diluent and to de-
liver the respective diluent and aliquot to the ap-
propriate location.

The valve assembly according to claims 3 or 4 for
use with diluting apparatus including an exterior
chamber (12), one (62) of said segmenting pas-
sageways being capable of placement in commu-
nication with said exterior chamber (12) at a time
subsequent to isolation of an aliquot therein, an
aspirator (21) capable of being coupled to said
valve assembly for withdrawing a portion of said
aliquot and diluent from said exterior chamber
(12) along a liquid flow path into and through an-
other of the segmenting passageways and coun-
terpart passageways for isolation of an aliquot
thereof upon further rotation of said inner valve
disc element (26), there being a still other seg-
menting passageway (96) containing an original
aliquot of liquid sample retained therein and dis-
charged therefrom simultaneously with dis-
charge of the aliquot based upon the withdrawn
aliquot and diluent from said exterior chamber
(12).

The valve assembly according to any one of
claims 1 to 5 characterized by an internal wash
channel (95,140) formed within said valve as-
sembly, said wash channel having an inlet (130)
and an outlet (82) for rinse liquid and being con-
structed and arranged for rinsing the internal fac-
ing surfaces (24", 26', 26", 28’) of said valve disc
elements (24,26,28) of the valve assembly (20) at
least once during the operating cycle thereof.
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The valve assembly according to claim 6 character-
ized in that said channel is formed as a pair of cir-
cumferential concentric grooves (132,134;88,90)
formed along the inner and outer portions of the
interior facing surfaces (24" 28') each of said out-
er valve disc elements (24,28), the inner groove
(134,90) being located adjacent the inner periph-
eral portion (38’) of an outer valve disc element
(24,28), and the outer groove (88,132) being lo-
cated adjacent the outer perpheral portion (38) of
said outer valve disc element (24,28), said inner
groove (134,90) being endless and the outer
groove (132,88) extending substantially the full
extent of said respective faces, a radial linking
groove (136,92) being formed in said surfaces
and joining the respective inner and outer
grooves, a through passageway (114) formed in
said inner valve disc element (26) and arranged
to communicate to said grooves, a source (C) of
rinse liquid located exterior of the valve assem-
bly, additional passageways (128,82) for estab-
lishing communication to said source of rinse lig-
uid and defining said inlet and outlet capable of
introducing rinse liquid to said wash channel and
discharging rinse liquid therefrom respectively
during the operating cycle of said valve assem-
bly, rotation of said inner valve disc element ef-
fecting a sweep of said surface with flowing rinse
liquid, said inner valve disc element having im-
perforate surface portions (26',26") defining with
said grooves said washing channel (140,92)
when said elements are assembled and during
the rotation of said inner valve disc element (26).

The valve assembly according to claim 6 or 7
characterized in that said inner valve disc ele-
ment (26) is rotatable substantially 360 degrees
to effect a full rinse of said surfaces.

The valve assembly according to claim 3, charac-
terized by an internal wash channel (140,95)
formed within said valve assembly and indepen-
dent of the segmenting passageways and said
complementary counterpart passageways, said
wash channel having an inlet (130), an outlet (82)
and additional internal through passageways
(114,128) formed in said valve assembly, a
source (C) of rinse fluid, said inlet, said outlet and
additional internal through passageways estab-
lishing communication to said source of rinse flu-
id along a flow path defined within said valve as-
sembly which is independent of other flow paths
through said valve assembly for introducing rinse
fluid to said wash channel and discharging said
rinse fluid from said wash channel during the op-
erating cycle of said valve assembly but only
when the diluent and sample are not flowing
through their respective paths, said wash chan-
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nel being constructed and arranged for rinsing
the facing surfaces of said valve disc elements,
said wash channel including radial channel por-
tions (136,92) capable of effecting a sweep of the
facing surfaces along the length of said radial
channel portions with flowing rinse fluid while the
the rotatable valve disc element (26) is being ro-
tated.

The valve assembly according to claim 9 in which
said inlet (130) and said outlet (82) are formed in
a stationary valve disc element (28,24) and said
additional internal through passageway (114) is
formed in the rotatable valve disc element (26).

The valve assembly according to claim 9 charac-
terized in that said wash channels are formed in
each of the stationary valve disc elements and
said additional internal through passageway
communicates with said wash channels to permit
rinse fluid to pass through said rotatable valve
disc element (26) from one wash channel (140)
formed in an outer valve disc element (28) to the
wash channel (82) formed in the other outer valve
disc element (24).

A method of diluting a liquid sample using a liquid
sample, metering and transfer valve assembly
(20) in a diluting apparatus (10) of the type em-
ployed in a particle study system, the method
comprising:

using at least one segmenting passage-
way (52; 54) of a sampling, metering and transfer
valve assembly (20) to isolate from a continuous
body of liquid sample at least one precise volume
of liquid sample as an aliquot for dilution with a
predetermined volume of liquid diluent;

metering and storing the predetermined
volume of liquid diluent for diluting said aliquot of
liquid sample in chambers (46; 50), carried by a
component (28) of said valve assembly (20), of
metering and storing means (46,116,118; 50,
124,126) of precise interior volume forming an in-
tegral part of the valve assembly (20), and

delivering the said aliquot to a location ex-
terior of the valve assembly along with the said
predetermined volume of liquid diluent using pas-
sageway means (58, 64; 68, 86) of the valve as-
sembly (20) for forming a dilution of the liquid
sample having a precise concentration.

A method according to claim 12 for providing plu-
ral dilutions of a single liquid sample including the
steps of establishing a continuous body of liquid
sample from a source thereof and along a flow
path within a single valve assembly and isolating
plural aliquots of said liquid sample from said
body within said flow path and within said valve
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assembly, said aliquots each having a precise
volume and maintaining said aliquots distinct and
isolated within said valve assembly; character-
ized by the steps of:

introducing liquid diluent into said valve
assembly and isolating plural separated precise
volumes of said liquid diluent within said valve as-
sembly, said volumes being individually stored
within said valve assembly;

delivering one of the plural aliquots of said
liguid sample and a selected one of said individ-
ual volumes of diluent to a first location exterior
of said valve assembly for mixing thereat to form
a first dilution of the liquid sample and permitting
the remaining individual volumes of diluent to re-
main isolated within said valve assembly;

introducing said first dilution into said
valve assembly to establish therein a continuous
body of said first dilution along a second flow
path as a continuous body within said valve as-
sembly independent of said first flow path;

isolating an aliquot of said first dilution
from said continuous body thereof along said
second flow path within said valve assembly and
maintaining said aliquot of the first dilution isolat-
ed; and

delivering said aliquot of the first dilution
and a selected one of the volumes of diluent to a
predetermined exterior location while simultane-
ously delivering an isolated stored aliquot of the
liquid sample along with a selected other one of
the volumes of diluent to another exterior loca-
tion, respectively.

The method according to claim 13 characterized
by the additional steps of:

establishing a third flow path within said
valve assembly, the third flow path being inde-
pendent of the first and second flow paths and in-
cluding a portion formed along an area within said
valve assembly

introducing rinse solution along said third
flow path so as to sweep interior facing surfaces
within said valve assembly; and

sweeping said surfaces while flow along
said last mentioned path continues.

Patentanspriiche

1.

Fliissigkeitsprobenahme-, Dosier- und Ubertra-
gungsventilaufbau (20) zur Verwendung in einer
Verdiinnungsvorrichtung (10) der Art, die in ei-
nem Partikeluntersuchungssystem eingesetzt
wird, wobei der Ventilaufbau (20) umfaft:

Zumindest einen segmentierenden Durchgang
(52; 54) zum Isolieren eines prazisen Fliissig-
keitsprobenvolumens von einem durchgehenden
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Fliissigkeitsprobenkérper als ein mit einem vor-
bestimmten Flissigkeitsverdiinnungsmittelvolu-
men zu verdiinnendes Aliquot derart, dalk eine
Verdiinnung der Fliissigkeitsprobe mit einer pra-
zisen Konzentration zum Abgeben an einen Ort
aullerhalb des Ventilaufbaus gebildet wird;

eine Durchgangseinrichtung (58, 64, 98; 68, 86,
100) zum Abgeben des Aliquots an einen Ort auller-
halb des Ventilaufbaus zusammen mit dem vorbe-
stimmten Fliissigkeitsverdiinnungsmittelvolumen;
dadurch gekennzeichnet, daR eine Dosier- und
Bevorratungseinrichtung (46, 116, 118; 50, 124,
126) eines prazisen Innenvolumens zum Abmes-
sen und Bevorraten eines vorbestimmten Flis-
sigkeitsverdiinnungsmittelvolumens zum Ver-
diinnen des Fliissigkeitsprobenaliquots darin als
integraler Teil des Ventilaufbaus (20) vorgesehen
ist und Kammern (46; 50) umfaft, die durch einen
Bestandteil (28) des Ventilaufbaus (20) getragen
sind.

Ventilaufbau nach Anspruch 1, bei dem mehrere
segmentierende Durchginge (52; 54) zum
Schaffen mehrerer gemessener Flissigkeitspro-
benvolumina aus einer einzigen Quelle davon als
individuelle Aliquote davon zusammen mit jewei-
ligen vorbestimmten Verdiinnungsmittelvolumi-
na vorgesehen sind, um mehrere jeweilige Ver-
diinnungen zu bilden, dadurch gekennzeichnet,
dall die Dosier- und Bevorratungskammern
durch Ringleitungen (46, 50) gebildet und Ge-
genstiickdurchlaRdurchgéngen (116, 118; 124,
126) komplementér zugeordnet sind, wobei die
Ringleitungen (46, 50) dichtend an einem Ventil-
scheibenelement (28) des Ventilaufbaus befe-
stigt sind.

Ventilaufbau nach Anspruch 1, wobei der Ventil-
aufbau ein Paar beabstandete duliere stationare
Ventilscheibenelemente (24, 28) und ein inneres
drehbares Ventilscheibenelement (26) umfalit,
das dazwischen in Sandwich-Art vorgesehen ist,
wobei das innere Element (26) gegeniiberliegen-
de Seiten (267, 26") hat, die mit den benachbarten
Seiten (24", 28’) der aulleren Elemente (24, 28)
dichtend reibend im Eingriff stehen, interne, seg-
mentierende Durchgdnge (52; 54), die in dem
drehbaren Ventilscheibenelement (26) ausgebil-
det sind, dadurch gekennzeichnet, daR die
Verdiinnungsmitteldosier- und Bevorratungs-
kammern jeweils zumindest eine hohle Ringlei-
tung (46; 50) umfassen, die an einem &ulieren
(28) der stationdren Elemente (24, 28) befestigt
sind, wobei jede Ringleitung (46; 50) ein prazises
Volumen zum Bevorraten des Volumens darin
hat, das erforderlich ist, um das bendtigte Ver-
diinnungsmittel fir ein Aliquot pro Ringleitung zu-
zufiihren.
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4. Ventilaufbau nach Anspruch 3, dadurch gekenn-

zeichnet, dal die segmentierenden Durchgdnge
(52; 54) in dem inneren Ventilscheibenelement
(26), eines fir jede Ringleitung, ausgebildet sind,
wobei mehrere erste komplementire Gegen-
stiickdurchgéange (58, 64; 68, 86) in einem (24)
der auReren Ventilscheibenelemente (24, 28)
ausgebildet sind, die konstruiert und angeordnet
sind zur Anordnung in Verbindung mit ausgewahl-
ten der internen, segmentierenden Durchgdnge
(52; 54) sequentiell durch schrittweise Drehung
des inneren Ventilscheibenelements (26) zum
Fihren jedes Aliquots in den Ventilaufbau (20) hin-
ein und aus diesem heraus, und zweite komple-
mentdre GegenstiickdurchlaRdurchgange (116,
118; 124, 126) sind in dem anderen aufleren Ven-
tilscheibenelement (28) zum Leiten von Verdiin-
nungsmittel durch den Ventilaufbau einem Pfad
in die segmentierenden Durchgénge (52; 54) hin-
ein und aus diesen heraus folgend und die Ring-
leitungen (46; 50) umfassend, ausgebildet, um
die jeweiligen Verdiinnungen der Aliquote herzu-
stellen, jede Ringleitung mit Verdiinnungsmittel
zu fillen und das jeweilige Verdiinnungsmittel
und Aliquot an den geeigneten Ort abzugeben.

Ventilaufbau nach Anspruch 3 oder 4 zur Ver-
wendung mit einer Verdiinnungsvorrichtung, die
eine auBere Kammer (12) umfalt, wobei einer
(62) der segmentierenden Durchgénge dazu in
der Lage ist, sich in Verbindung mit der dufleren
Kammer (12) zu einer Zeit anzuordnen, die auf ei-
ne Isolation eines Aliquots darin folgt, eine Saug-
einrichtung (21), die dazu in der Lage ist, mit dem
Ventilaufbau zum Abziehen eines Abschnitts des
Aliquots und des Verdiinnungsmittels aus der du-
Reren Kammer (12) entlang einem Fliissigkeits-
strdomungspfad in und durch einen anderen der
segmentierenden Durchgange und Gegenstiick-
durchgénge zur Isolation eines Aliquots davon
durch eine weitere Drehung des inneren Ventil-
scheibenelements (26) abzuziehen, wobei noch
ein weiterer segmentierender Durchgang (96)
vorhanden ist, der ein urspriingliches Flissig-
keitsprobenaliquot enthalt, das darin zuriickge-
halten und daraus gleichzeitig mit einer Abgabe
des Aliquots auf der Grundlage des abgezoge-
nen Aliquots und des Verdiinnungsmittels aus
der dulleren Kammer 12 abgegeben wird.

Ventilaufbau nach einem der Anspriiche 1 bis 5,
gekennzeichnet durch einen internen Waschka-
nal (95, 140), der in dem Ventilaufbau ausgebil-
det ist, wobei der Waschkanal einen Einlal (130)
und einen Auslal (82) fiir Spiilflissigkeit hat und
zum Spiilen der internen Seitenoberflachen (24",
26', 26", 28’) der Ventilscheibenelemente (24, 26,
28) des Ventilaufbaus (20) zumindest einmal
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wahrend eines Arbeitszyklus davon aufgebaut
und angeordnet ist.

Ventilaufbau nach Anspruch 6, dadurch gekenn-
zeichnet, dal der Kanal als ein Paar umfangsma-
Riger konzentrischer Nuten (132, 134; 88, 90) ge-
bildet ist, die entlang den Innen- und AuRenab-
schnitten der inneren gegeniiberliegenden Ober-
flachen (24", 28’) jedes der dueren Ventilschei-
benelemente (24, 28) gebildet sind, wobei die in-
nere Nut (134, 90) benachbart zu dem inneren
Randabschnitt (38’) eines dulReren Ventilschei-
benelements (24, 28) angeordnet ist, und wobei
die dufere Nut (88, 132) benachbart zu dem &u-
Reren Randabschnitt (38) des duReren Ventil-
scheibenelements (24, 28) angeordnet ist, wobei
die innere Nut (134, 90) endlos ist und die duliere
Nut (132, 88) sich im wesentlichen lber die volle
Ausdehnung der jeweiligen Seite erstreckt, wo-
bei eine radiale Verbindungsnut (136, 92) in den
Oberflachen gebildet ist und die jeweiligen inne-
ren und duleren Nuten vereinigt, wobei ein
Durchlafdurchgang (114) in dem inneren Ventil-
scheibenelement (26) ausgebildet und angeord-
net ist, um zu den Nuten zu verbinden, wobei eine
Spiilflussigkeitsquelle (C) auRerhalb des Ventil-
aufbaus angeordnet ist, wobei zusétzliche
Durchgénge (128, 82) zum Schaffen einer Ver-
bindung zu der Spiilfliissigkeitsquelle und zum
Bestimmen des Einlasses und des Auslasses da-
zu in der Lage sind, Spiilflissigkeit in die Wasch-
kanale einzuleiten und Spiilflissigkeit daraus je-
weils wahrend des Arbeitszyklus des Ventilauf-
baus abzugeben, wobei eine Drehung des inne-
ren Ventilscheibenelements eine Spillung der
Oberflache mit stromendem Spiilmittel bewirkt,
wobei das innere Ventilscheibenelement nicht
perforierte Oberflachenabschnitte (26’, 26”) hat,
die mit den Nuten den Waschkanal (140, 92) fest-
legen, wenn die Elemente zusammengesetzt
sind, sowie wadhrend der Drehung des inneren
Ventilscheibenelements (26).

Ventilaufbau nach Anspruch 6 oder 7, dadurch
gekennzeichnet, dal das innere Ventilscheiben-
element (26) im wesentlichen um 360° drehbar
ist, um eine volle Spiilung der Oberflachen zu be-
wirken.

Ventilaufbau nach Anspruch 3, gekennzeichnet
durch einen internen Waschkanal (140, 95), der
in dem Ventilaufbau sowie unabhéngig von den
segmentierenden Durchgdngen und den komple-
mentdren Gegenstiickdurchgingen ausgebildet
ist, wobei der Waschkanal einen Einla (130), ei-
nen Auslal (82) und zusétzliche interne Durch-
laRdurchgénge (114) hat, die in dem Ventilaufbau
gebildet sind, wobei eine Spiilfluidquelle (C), der
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EinlaB, der Auslall und zusétzliche interne
Durchlafdurchgénge eine Verbindung zu der
Spiilfluidquelle entlang einem Strémungspfad
schaffen, der in dem Ventilaufbau festgelegt ist,
der unabhangig von den anderen Strémungspfa-
den durch den Ventilaufbau zum Einleiten von
Spiilfluid in den Waschkanal und zum Ausgeben
von Spiilfluid aus dem Waschkanal wahrend dem
Arbeitszyklus des Ventilaufbaus ist, jedoch ledig-
lich dann, wenn das Spilmittel und die Probe
nicht durch ihre jeweiligen Pfade strdmen, wobei
der Waschkanal zum Reinigen der Seitenoberfla-
chen der Ventilscheibenelemente konstruiert
und angeordnet ist, wobei der Waschkanal radia-
le Kanalabschnitte (136, 92) umfaft, die dazu in
der Lage sind, eine Spiilung der gegeniiberlie-
genden Oberflachen entlang der Lange der ra-
dialen Kanalabschnitte mit strémendem Spiilflu-
id zu bewirken, wahrend das drehbare Ventil-
scheibenelement (26) gedreht wird.

Ventilaufbau nach Anspruch 9, bei dem der Ein-
laB (130) und der Auslal (82) in einem stationa-
ren Ventilscheibenelement (28, 24) ausgebildet
ist und der zusétzliche interne DurchlaRdurch-
gang (114) ist in dem drehbaren Ventilscheiben-
element (26) ausgebildet.

Ventilscheibenaufbau nach Anspruch 9, dadurch
gekennzeichnet, dal die Waschkanale in jedem
der stationdren Ventilscheibenelemente ausge-
bildet sind und der zusétzliche interne Durchlal-
durchgang mit den Waschkanalen verbindet, um
es dem Spiilfluid zu erlauben, durch das drehba-
re Ventilscheibenelement (26) von einem Wasch-
kanal (140), der in einem &uBeren Ventilschei-
benelement (28) gebildet ist, zu einem Waschka-
nal (82) hindurchzutreten, derin dem anderen &u-
Reren Ventilscheibenelement (24) gebildet ist.

Verfahren zum Verdiinnen einer Fliissigkeitspro-
be unter Verwendung eines Fliissigkeitsproben-
dosier- und Ubertragungsventilaufbaus (20) in
einer Verdiinnungsvorrichtung (10) der Art, die in
einem Partikeluntersuchungssystem eingesetzt
wird, wobei das Verfahren umfafit:

Verwenden von zumindest einem segmentieren-
den Durchgang (52; 54) eines Probennahme-,
Dosier- und Ubertragungsventilaufbaus (20)
zum lIsolieren von zumindest einem prazisen
Fliissigkeitsprobenvolumen von einem durchge-
henden Fliissigkeitsprobenkérper als ein Aliquot
zur Verdiinnung mit einem vorbestimmten Flis-
sigkeitsverdiinnungsmittelvolumen;

Dosieren und Bevorraten eines vorbestimmten
Flissigkeitsverdiinnungsmittelvolumens  zum
Verdiinnen des Flissigkeitsprobenaliquots in
Kammern (46; 50), die durch einen Bestandteil
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(28) des Ventilaufbaus (20) getragen sind, einer
Dosier- und Bevorratungseinrichtung (46, 116,
118; 50, 124, 126) eines prazisen Innenvolu-
mens, die einen integralen Teil des Ventilaufbaus
(20) bildet, und

Abgeben des Aliquots zu einem Ort aullerhalb
des Ventilaufbaus zusammen mit dem vorbe-
stimmten  Flissigkeitsverdiinnungsmittelvolu-
men unter Verwendung einer Durchgangsein-
richtung (58, 64; 68, 86) des Ventilaufbaus (20)
zum Bilden einer Verdiinnung der Flissigkeits-
probe, die eine prézise Konzentration hat.

Verfahren nach Anspruch 12 zum Schaffen meh-
rerer Verdiinnungen einer einzigen Flissigkeits-
probe, umfassend die Schritte:

Schaffen eines durchgehenden Flissigkeitspro-
benkdrpers aus einer Quelle davon sowie ent-
lang eines Strédmungspfads in dem einzigen Ven-
tilaufbau und Isolieren mehrerer Fliissigkeitspro-
benaliquote von dem Kérper in dem Strémungs-
pfad und in dem Ventilaufbau, wobei die Aliquote
jeweils ein prazises Volumen haben, und ge-
trennt- und isoliert Halten der Aliquote in dem
Ventilaufbau, gekennzeichnet durch die Schritte:
Einleiten von Flissigkeitsverdinnungsmittel in
dem Ventilaufbau und lIsolieren mehrerer ge-
trennter praziser Volumina des Fliissigkeitsver-
diinnungsmittels in dem Ventilaufbau, wobei die
Volumina individuell in dem Ventilaufbau gespei-
chert sind;

Abgeben eines der mehreren Aliquote der Flis-
sigkeitsprobe und eines ausgewdahlten der indivi-
duellen Verdiinnungsmittelvolumina an einen er-
sten Ort aulRerhalb des Ventilaufbaus zum dorti-
gen Mischen zur Bildung einer ersten Verdiin-
nung der Flissigkeitsprobe, und Zulassen, da
die verbleibenden individuellen Verdiinnungsmit-
telvolumina isoliert in dem Ventilaufbau zuriick-
bleiben; Einleiten der ersten Verdiinnung in den
Ventilaufbau zum Schaffen eines durchgehen-
den Kérpers der ersten Verdiinnung entlang ei-
nem zweiten Strémungspfad als durchgehender
Korper in dem Ventilaufbau unabhéngig von dem
ersten Stréomungspfad;

Isolieren eines Aliquots der ersten Verdiinnung
von ihrem durchgehenden Kérper entlang dem
zweiten Strémungspfad in dem Ventilaufbau und
Isolierthalten des Aliquots der er sten Verdiin-
nung; und

Abgeben des Aliquots der ersten Verdiinnung
und eines ausgewdhlten der Verdiinnungsmittel-
volumina an einen vorbestimmten externen Ort,
wéhrend ein isoliertes bevorratetes Aliquot der
Fliissigkeitsprobe zusammen mit einem ausge-
wéhlten anderen der Verdiinnungsmittelvolumi-
na jeweils zu einem anderen externen Ort abge-
geben wird.
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14. Verfahren nach Anspruch 13, gekennzeichnet

durch die zu satzlichen Schritte:

Schaffen eines dritten Strdomungspfades in dem
Ventilaufbau, wobei der dritte Strémungspfad un-
abhangig von den ersten und zweiten Stré-
mungspfaden ist und einen Abschnitt umfalt, der
entlang einem Bereich in dem Ventilaufbau gebil-
det ist;

Einleiten einer Spiillésung entlang dem dritten
Strémungspfad derart, dal® gegeniiberliegende
innere Oberflachen in dem Ventilaufbau gespiilt
werden; und Spiilen der Oberflachen, wahrend
die Strémung entlang dem zuletzt genannten
Pfad fortgesetzt wird.

Revendications

Ensemble de vanne d’échantillonnage, de dosa-
ge et de transfert d’'un liquide (20), pour utilisation
dans un appareil de dilution (10) du type employé
dans un systéme d’étude de particules, ensem-
ble de vanne (20) comprenant :

au moins un passage de segmentation
(52 ; 54) pour isoler d’'un corps continu d’échan-
tillon de liquide un volume précis de I'échantillon
liguide comme aliquote devant étre diluée avec
un volume prédéterminé d’un diluant liquide pour
former une dilution de I'échantillon liquide ayant
une concentration précise pour la fournir a un en-
droit extérieur de I'ensemble de vanne ;

des moyens de passage (58,64,98 ; 68,
86, 100) pour fournir ladite aliquote a un endroit
extérieur de I'ensemble de vanne avec ledit volu-
me prédéterminé de diluant liquide ; caractérisé
en ce que :

des moyens de dosage et de stockage
(46,116,118 ; 50,124,126) d’un volume intérieur
précis pour doser et y stocker le volume prédéter-
miné de diluant liquide pour diluer ladite aliquote
d’échantillon liquide, sont prévus comme partie
intégrale de I'ensemble de vanne (20) et
comprennent des chambres (46 ; 50) portées par
un composant (28) dudit ensemble de vanne (20).

Ensemble de vanne selon la revendication 1,
dans lequel plusieurs passages de segmentation
(52 ; 54) sont prévus pour fournir plusieurs volu-
mes mesurés d’échantillon liquide d’'une source
unique comme aliquotes individuelles de celle-ci
ensemble avec des volumes prédéterminés res-
pectifs de diluant pour former plusieurs dilutions
respectives, caractérisé en ce que les chambres
précitées de dosage et de stockage sont définies
par des boucles (46 ; 50) et des passages traver-
sants de contrepartie complémentaires associés
(116, 118 ; 124, 126), lesdites boucles (46, 50)
étant reliées de fagon étanche a un élément de
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disque de vanne (28) de ladite vanne.

Ensemble de vanne selon la revendication 1,
dans lequel 'ensemble de vanne comprennent
une paire d’éléments de disque de vanne station-
naire extérieur espacés (24, 28) et un élément de
disque de vanne rotatif intérieur (26) pris en
sandwich entre ceux-ci, ledit élément interne (26)
ayant des faces opposées (26, 26") en un enga-
gement étanche et a friction avec des faces ad-
jacentes (24", 28’) desdits éléments extérieurs
(24, 28), des passages de segmentation internes
(52 ; 54) réalisés dans I'élément de disque de
vanne rotatif (26), caractérisé en ce que lesdites
chambres de dosage et de stockage de diluant
comprend chacune au moins une boucle creuse
(46 ; 50) fixée a un élément extérieur (28) des élé-
ments stationnaires (24, 28), chaque boucle (46 ;
50) ayant un volume précis pour stocker le volu-
me exigé pour fournir le diluant nécessaire pour
une aliquote par boucle.

Ensemble de vanne selon la revendication 3, ca-
ractérisé en ce que les passages de segmenta-
tion (52 ; 54) sont réalisés dans I'élément de dis-
que de vanne interne (26), pour chaque boucle,
plusieurs premiers passages de contrepartie
complémentaires (58, 64 ; 68, 86) réalisés dans
un desdits éléments de disque de vanne exté-
rieurs (24, 28) construit et arrangé pour étre pla-
¢cé en communication avec certains passages
parmilesdits passages de segmentation internes
(52 ; 54), séquentiellement, lors d'une rotation
pas & pas de I'élément de disque de vanne inté-
rieur (26) pour amener chaque aliquote dans et
hors de I'ensemble de vanne (20), et des seconds
passages traversants de contrepartie complé-
mentaires (116, 118 ; 124, 126), I'un formé dans
I'autre élément de disque de vanne extérieur (28)
pour amener du diluant a travers 'ensemble de
vanne en suivant une voie dans et hors desdits
passages de segmentation (52 ; 54) et compor-
tant lesdites boucles (46 ; 50) pour réaliser les di-
lutions respectives desdites aliquotes, pour char-
ger chaque boucle avec du diluant et pour fournir
le diluant et I'aliquote respectifs a I'endroit appro-
prié.

Ensemble de vanne selon la revendication 3 ou
4 pour utilisation avec un appareil diluant
comprenant une chambre extérieure (12), I'un
(62) des passages de segmentation étant adapté
pour étre placé en communication avec ladite
chambre extérieur (12) a un instant de temps sub-
séquent al'isolation de I'aliquote dans celle-ci, un
aspirateur (21) adapté pour étre couplé audit en-
semble de vanne pour retirer une portion de ladi-
te aliquote et du diluant de ladite chambre exté-
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rieure (12) le long d’'une voie d'écoulement de li-
quide dans et a travers un autre des passages de
segmentation et des passages de contrepartie
pour 'isolation d’une aliquote a la suite d’'une au-
tre rotation de I'élément de disque de vanne inté-
rieur (26), il reste toujours un autre passage de
segmentation (96) contenant une aliquote origi-
nale de I’échantillon de liquide qui y est retenu et
déchargé de celui-ci, simultanément avec la dé-
charge de I'aliquote basée sur 'aliquote et le di-
luant, retirés de ladite chambre extérieure 12.

Ensemble de vanne selon I'une des revendica-
tions 1 & 5, caractérisé par un canal de nettoyage
(95, 140) réalisé a l'intérieur de I'ensemble de
vanne, ledit canal de nettoyage ayant une entrée
(130) et une sortie (82) pour un liquide de ringage
et étant construit et arrangé pour rincer les sur-
faces en regard internes (24", 267, 26", 28') des
éléments de disque de vanne (24, 26, 28) de I'en-
semble de vanne (20) au moins une fois pendant
un cycle de fonctionnement de celui-ci.

Ensemble de vanne selon la revendication 6, ca-
ractérisé en ce que le canal précité est formé par
une paire de rainures concentriques circonféren-
tielles (132, 134 ; 88, 90) réalisées le long des
portions intérieure et extérieure des surfaces en
regard intérieures (24", 24’) de chacun desdits
éléments de disque de vanne extérieurs (24, 28),
larainure intérieure (134, 90) étant disposée prés
de la portion périphérique interne (38’) d’un élé-
ment de disque de vanne extérieur (24, 28), et la
rainure extérieure (80, 132) étant disposée adja-
cente ala portion périphérique extérieure (38) du-
dit élément de disque de vanne externe (24, 28),
ladite rainure interne (134, 80) étant sansfin etla
rainure extérieure (132, 88) s’étendant essentiel-
lement sur toute I'extension desdites faces res-
pectives, une rainure de communication radiale
(136, 92) étant réalisée dans lesdites surfaces et
joignant les rainures interne et externe respecti-
ves, un passage traversant (114) étant formé
dans ledit élément de disque de vanne interne
(26) et arrangé pour communiquer avec lesdites
rainures, une source (C) de liquide de ringage si-
tuée a I'extérieur de I'ensemble de vanne, des
passages supplémentaires (128, 82) pour établir
une communication avec ladite source de liquide
de ringage et définissant I'entrée et la sortie pré-
citée permettant d’introduire du liquide de ringa-
ge dans ledit canal de lavage ou de nettoyage et
d’évacuer le liquide de ringage de celui-ci respec-
tivement pendant le cycle de fonctionnement du-
dit ensemble de vanne, une rotation dudit élé-
ment de disque de vanne interne effectuant un
balayage de ladite surface par du liquide de rin-
¢age s’écoulant, ledit élément de disque de lame
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interne ayant des portions de surfaces imperfo-
rées (26', 26") définissant avec lesdites rainures
ledit canal de lavage (140, 92) lorsque lesdits élé-
ments sont assemblés et pendant la rotation du-
dit élément de disque de vanne interne (26).

Ensemble de vanne selon la revendication 6 ou
7, caractérisé en ce que I'élément de disque de
vanne interne précité (26) est rotatif sensible-
ment de 360° pour effectuer un ringage complet
desdites surfaces.

Ensemble de vanne selon la revendication 3, ca-
ractérisé par un canal de lavage interne (140, 95)
formé a I'intérieur dudit ensemble de vanne et in-
dépendant des passages de segmentation et des
passages de contrepartie complémentaires, ledit
canal de lavage ayant une entrée (130), une sor-
tie (82) et un passage traversant interne supplé-
mentaire (114, 128) réalisé dans ledit ensemble
de vanne, une source (C) d'un liquide de ringage,
ladite entrée, ladite sortie et les passages traver-
sant internes supplémentaires établissant une
communication avec ladite source de fluide de
ringage le long d’'une voie d’écoulement définie a
I'intérieur dudit ensemble de vanne, qui est indé-
pendant des autres voie d’écoulement a travers
ledit ensemble de vanne pour introduire du fluide
de ringage dans ledit canal de lavage et évacuer
ledit fluide ringage dudit canal de lavage pendant
le cycle de fonctionnement dudit ensemble de
vanne, mais seulement quand le diluant et
I'échantillon ne s’écoule pas a travers leurs voies
respectives, ledit canal de lavage étant réalisé et
arrangé pour un ringage des surfaces en regard
desdits éléments de disque de vanne, ledit canal
de lavage comportant des portions de canal ra-
diales (136, 92) capables d’effectuer un balaya-
ge des surfaces en regard sur toute la longueur
des portions de canal radiales par du fluide de
ringage s’écoulant pendant que I'élément de dis-
que de valve rotative est entrainé en rotation.

Ensemble de vanne selon la revendication 9 dans
lequel I'entrée précitée (130) et la sortie précitée
(82) sont réalisées dans un élément de disque de
vanne stationnaire (28, 24) et les passages tra-
versant internes supplémentaires précités (114)
sont réalisés dans I'élément de disque de vanne
rotative (26).

Ensemble de vanne selon la revendication 9, ca-
ractérisé en ce que les canaux de lavage sont
réalisés dans chacun des éléments de disque de
vanne stationnaire et le passage traversant inter-
ne supplémentaire précité communique avec les-
dits canaux de lavage pour permettre au fluide
de ringage de passer a travers ledit élément de
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disque de vanne rotative (26) dudit canal de lava-
ge (140) formé dans un élément de disque de
vanne externe (28) dans le canal de lavage (82)
réalisé dans I'autre élément de disque de vanne
extérieure (24).

Un procédé pour diluer un échantillon liquide en
utilisant un ensemble de vanne d’échantillonna-
ge de liquide, de dosage et de transfert (20) dans
un appareil diluant (10) du type utilisé dans un
systéeme d’étude de particules, le procédé
comprenant les opérations de:

utiliser au moins un passage de segmen-
tation (52 ; 54) d’'un ensemble de vanne d’échan-
tillonnage, de dosage et de transfert (20) pour
isoler d'un corps continu d’échantillon liquide au
moins un volume précis d’échantillon liquide
comme une aliquote pour une dilution avec un vo-
lume prédéterminé de diluant liquide;

doser et stocker le volume prédéterminé
de diluant liquide pour diluer ladite aliquote
d’échantillon liquide dans des chambres (46 ; 50)
portées par un composant (28) de I'ensemble de
vanne (20), de moyens de dosage et de stockage
(46, 116, 118; 50, 124, 126) de volume intérieur
précis formant une partie intégrale dudit ensem-
ble de vanne (20) et

fournir ladite aliquote a un endroit exté-
rieur de I’ensemble de vanne, ensemble avec le-
dit volume prédéterminé de diluant liquide en uti-
lisant des moyens de passage (58, 64 ; 68, 86) de
I'’ensemble de vanne (20) pour établir une dilution
de I'échantillon liquide ayant une concentration
précise.

Un procédé selon la revendication 12 pour fournir
plusieurs dilutions d’un échantillon liquide unique
comprenant les opérations d’établir un corps
continu d’'un échantillon liquide & partir d’'une
source de celui-ci et le long d’'une voie d’écoule-
ment a l'intérieur d’'un ensemble de vanne unique
et d’isoler plusieurs aliquotes dudit échantillon li-
quide a partir dudit corps a l'intérieur de ladite
voie d’écoulement et a I'intérieur dudit ensemble
de vanne, lesdites aliquotes ayant chacune un
volume précis, et de maintenir lesdites aliquotes
distinctes et isolées a l'intérieur dudit ensemble
de vanne ; caractérisé par les opérations de :

introduire du diluant liquide dans ledit en-
semble de vanne et isoler plusieurs volumes pré-
cis séparés dudit diluant liquide a 'intérieur dudit
ensemble de vanne, lesdits volumes étant indivi-
duellement stockés a l'intérieur de I'ensemble de
vanne ;

fournir I'un de plusieurs aliquotes dudit
échantillon liquide et un volume sélectionné par-
milesdits volumes individuels de diluant a un pre-
mier endroit extérieur dudit ensemble de vanne
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poury faire un mélange dans le but de former une
premiére dilution d’échantillon liquide et permet-
tant aux volumes individuels restants de diluant
derester isolé al'intérieur dudit ensemble de van-
ne;

d’'introduire ladite premiére dilution dans
ledit ensemble de vanne pour y établir un corps
continu de ladite premiére dilution le long d’'une
seconde voie d’écoulement comme corps conti-
nu a l'intérieur dudit ensemble de vanne, indé-
pendante de ladite premiére voie d’écoulement ;

isoler une aliquote de ladite premiére dilu-
tion dudit corps continu le long de ladite seconde
voie d’écoulement a I'intérieur de I'ensemble de
vanne et de maintenir ladite aliquote isolée de la
premiére dilution ; et

fournir ladite aliquote de la premiére dilu-
tion et un volume sélectionné parmi les volumes
de diluant & un emplacement extérieur prédéter-
miné, tout en fournissant simultanément une ali-
quote stockée isolée de I'échantillon liquide en-
semble avec un autre volume sélectionné parmi
les volumes de diluant, & un autre endroit exté-
rieur, respectivement.

Procédé selon la revendication 13, caractérisé
par les opérations supplémentaires de :

établir une troisiéme voie d’écoulement a
I'intérieur de 'ensemble de vanne, la troisiéme
voie d’écoulement étant indépendante des pre-
miére et seconde voies d’écoulement et compor-
tant une portion réalisée le long d’'une zone al'in-
térieur dudit ensemble de vanne ;

introduire une solution de ringage le long
dudit troisiéme voie d’écoulement de fagon a ba-
layer des surfaces en regard internes a I'intérieur
dudit ensemble de vanne ; et

balayer lesdites surfaces tandis que
I’écoulement le long de la voie mentionnée en
dernier lieu continue.
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